This experiment was designed to produce chimeric chicken by transferring primordial germ cells (PGCs) of Ehime native chicken embryos to White Leghorn ones. Fertilized eggs produced by both chicken breeds were incubated until stage 12-15 of embryonic development. The donor PGCs were taken out from blood vessel of Ehime native chicken embryos and injected into blood vessel of White Leghorn ones at the same stage. After the injection, the recipient eggs were incubated until hatching. Finally, t hree hatchlings including one male and two females were obtained. The birds survived to sexual maturity were used for progeny test to check chimerism. Of 29 offspring obtained by progeny test, 15 chicks showed feather color which was considered to be derived from Ehime native chicken. The present results suggest that the production of chimeric chicken by means of the transfer of PGCs may be able to restore genetic resources from endangered domestic chicken or some of the wild birds.
Introduction
Primordial germ cells (PGCs) are ancestors of germ cells and transmit parental genetic information to their offspring. Differentiation of mammalian germ cells occurs in a fetus (Pelliniemi, 1975; Kuwana and Fujimoto, 1983; Buehr, 1998) . In avian, on the one hand, the PGCs appear in central site of upper layer of the blastoderm at stage X (Eyal-Giladi and Kochav, 1976) of developing embryos (Eyal-Giladi et al., 1981; Ginsburg and Eyal-Giladi, 1987; Ginsburg, 1997) . The PGCs, then, migrate to germinal crescent region of the embryos at stage 9 (Hamburger and Hamilton, 1951) . The avian PGCs also circulate in bloodstream of developing embryos at stage 12-15 and finally settle down at the germinal ridge (Singh and Mayer, 1967; Fujimoto et al., 1985; Kuwana, 1993) . When the PGCs obtained from germinal ridge of developing embryos were injected again into the blood vessel of other embryos, the cells entered blood stream and located again at the germinal ridge (Tajima et al., 1998) .
Numerous reports have so far been published concerning the production of chimeric chicken using PGCs as donor cells which were transferred to developing embryos as recipients Naito et al., 1994 Naito et al., , 1998 Ono et al., 1996 Vick et al., 1993; Yamaguchi et al., 2000) . After sexual maturation, semen samples were collected and inseminated to chimeric females. Seventy-two eggs in total were obtained from two chimeric hens and incubated under the same condition as routine method.
As shown in Table 2 , fertility was normal but hatchability was considerably far from normal. In addition, the chicks carrying feather color originated from donor PGCs (Ehime native chickens) were observed in 15 birds of 29 chicks in total. Some of the chicks had black and white feathers, but some other birds showed black feathers in whole body as shown in Figs.1 and 2. Other 14 chicks had feathers covered with white feathers as the same as White Leghorn strain ( Figs.1 and 2 ). An embryo died at 20 days of incubation also showed black feathers (Fig.3) .
Discussion
Although any of hatching trouble of the White Leghorn eggs treated with PGCs from Ehime native chickens was not observed, hatchability was exceptionally low (ca.
15%) compared with that (ca. 80%) of routine incubation method of this species (Table 1) . It has been reported that hatchability of germ line chimeric chicken was ca. 17-30% (Naito et al., 1994) , so this result may indicate the possibility of a kind of unusual stresses on the embryonic development following the treatment of early developing embryos with the injection. Therefore, considerably lower hatchability (15%) and survivability (50%) of chicks having transferred PGCs were observed (Table 1) .
In general, the size of Ehime native chicken has been reported to be smaller than White Leghorn strain and feather color of the former is variable, suggesting the possibility of genetic variety of this species (Tanabe et al., 2000) . In the present study, the hatchlings showed typical feather color which was completely derived from the Ehime native chickens (Figs.1 and 2 ). In this case, white On the one hand, chimeric chickens have so far been produced by the transfer of PGCs or blastodermal cells (Petitte et al., 1990; Naito et al., 1994; Kagami et al., 1995; Yamaguchi et al., 2000) . The PGCs are, therefore, considered to be much more prominent for producing donor derived avian species, since the cells undoubtedly proliferate to create the gonads. It has also been reported elsewhere that the introduction of exogenous genes into the PGCs of early developing embryos, by using lipofection or electroporation methods, leading to the production of transgenic birds (Inada et al., 1997; Eguma et al., 1999; .
In conclusion, the present results may give us some of promising tools for the conservation of genetic resources from rare domestic chickens and restoration of endangered birds as well as the production of transgenic chickens.
